INTRODUCTION
Nephrolithiasis (NL), a rare but well-described entity in children, is virtually unknown in newborn infants. 1 Hematuria at birth has been associated with primary renal pathologies like urinary tract infection (UTI), hypoxic-ischemic insult, renal vein thrombosis, tumor, trauma and congenital anomalies, or systemic conditions like coagulopathies. 2 Here, we describe a case of congenital NL with hematuria in an otherwise healthy term male newborn infant who had no known risk factors for renal stone formation.
CASE REPORT
A 3945 g boy was delivered via primary cesarean section for failure to descend to a 33-year-old obese gravida 1, para 0 Caucasian mother at 40 weeks of gestation. He had apgar scores of 9 at 1 and 5 minutes of life. He was transferred to NICU from regular nursery at 1 hour of life for a work-up of low-grade fever. There was no evidence of chorioamnionitis in the mother. The maternal history was significant for diet-controlled gestational diabetes and infection with human papilloma virus and cryotherapy for abnormal Pap smear 8 years previously. She also had a history of painless microscopic hematuria of undetermined etiology 2 years previously, but none during this pregnancy. Additionally, the maternal grandmother and paternal grandfather had a history of renal stones. The mother lived in the United States throughout her life and did not travel outside the country.
The patient's initial examination on admission to NICU revealed a large-for-gestational-age newborn infant with no other abnormal findings. The total and differential leukocyte and platelet counts and hematocrit were normal. The infant was treated with antibiotics for 48 hours for presumed sepsis after a blood culture, which was subsequently reported as negative. He was fed breast milk supplemented with regular formula. On Day 2 of life, he suffered from gross hematuria and a slightly decreased, although normal, urinary output. There was no palpable renal lump. Microscopic examination of urine confirmed hematuria, and a renal sonogram showed opacity consistent with a 3 to 4 mm renal calculus in the upper pole of the right kidney (Figures 1 and 2 ). There was no evidence of hydronephrosis or obstructive uropathy, and the renal size was normal. Urinary pH was 6 and the specific gravity 1003 with no significant casts or crystals in a spun sample. Serum electrolytes, bicarbonate and creatinine levels were normal. Analysis of a 24-hour urine sample revealed normal excretion of calcium, oxalate, phosphate and creatinine, and a normal urinary calcium and creatinine ratio of 0.2. The urinary excretion of uric acid, cystine and citrate F a physiological inhibitor of crystal formation F was also normal. To exclude the possibility of congenital hyperparathyroidism, we obtained a serum parathormone level, which was 50.2 ng/ml (normal 8 to 56 ng/ ml), with a serum-ionized calcium level of 5.5 mg/dl (normal 4.6 to 5.2 mg/dl). Serum phosphate level was 7.9 mg/dl (normal 2.7 to 4.5 mg/dl) and alkaline phosphatase 251 IU/l (normal 117 to 390 IU/l). Repeat values for serum-ionized calcium and phosphates obtained on DOL 4 were normal. The thyroid function tests were normal as well. No further hematuria was noted. A urine culture was negative for infection; however, it was carried out during a course of antibiotics. No intervention was instituted, and the infant was discharged to home at 8 days of life. Several follow-up urine analyses reported no further hematuria or crystalluria, and repeat renal sonograms at 3 and 12 months of life revealed persistence of renal stone without any urinary obstruction. The infant remained healthy and thrived well during an 18-month follow-up.
LITERATURE REVIEW AND DISCUSSION
Reports on renal stones in neonates are rare and composed almost entirely of nephrocalcinosis (NC) in preterm infants suffering from BPD, following diuretic therapy that promotes renal calcium oxalate and calcium phosphate deposition. 3 This self-limiting entity is detected by abdominal radiograph and reported between 11 and 50 days of life. 3, 4 An unusual case of NC at birth has been described in a preterm infant who was exposed in-utero to diuretics. 5 Nephrolithiasis was recently reported in a 3-day-old infant with hypercalciuria and hypocalcemia. 6 In older children, in a 20-year survey of childhood renal stone cases, none of the 78 infants were younger than 1 year of age, and in another 10-year review only 1.3% were less than 3 years of age. 7, 8 Almost 50% of the pediatric cases of urolithiasis are idiopathic and the rest due to hypercalciuria (30%) and hyperoxalauria (20%), or rarely due to hyperuricosuria, xanthinuria or hypocitruria. 9 In a recent investigation, hypocitruria was quoted as the most important risk factor in the development of idiopathic calcium stones in children. 10 Hypercalciuria is the most common finding reported in neonatal NL. 4, 6 Renal calculi formation is a relatively complex process and involves an interplay of various physiochemical and anatomical factors. The urinary concentration of stone-forming ions like calcium and oxalate is vital, especially in combination with a deficiency of inhibitors of crystallization-like citrate. 11 In addition, abnormal urinary pH can contribute significantly to stone formation by affecting ion solubility and thereby promoting their crystallization. 11 Metabolic disorders are uncommon etiopathological factors for urolithiasis and in a 10-year study period, only eight out of 120 children were identified with metabolic factors that contributed to its pathogenesis. 12 Other known predisposing factors for urolithiasis are obstructive uropathy, ureterovesicular reflux, neurogenic bladder, renal foreign body, renal papillary necrosis and UTI with proteus. 8, 11, 12 Neonatal renal calculus formation can be subsequent to maternal conditions like hyperparathyroidism, Vitamin D intoxication and diuretic therapy, or due to neonatal diseases like hyperparathyroidism, hypothyroidism, idiopathic hypercalciuria, renal tubular acidosis, inborn errors of metabolism and steroid or diuretic therapy. 11 The antenatal history of the mother did not reveal any of these conditions, although she was not specifically investigated. The infant did not have any of the predisposing metabolic or anatomical conditions, namely hypercalciuria, hyperoxalauria, hypocitruria, hyperuricosuria, crystalluria, hyperparathyroidism, renal tubular acidosis, obstructive uropathy, ureterovesicular reflux, urinary tract infection, evidence of papillary necrosis or either steroid or diuretic therapy. The persistent absence of crystalluria and hyperuricosuria suggested unlikelihood of some of the rare genetic disorders, for example, adenine phosphoribosyltransferase (APRT) deficiency, xanthinuria, phosphoribosylpyrophosphate synthetase 1 superactivity and hypoxanthine guanine phosphoribosyltransferase deficiency, although these entities were not specifically investigated. The infant continued to thrive well through the second year of life with no significant illnesses, a normal urine analysis with no casts or crystals, and persistence of NL.
There was a family history of renal stone in both maternal and paternal grandparents, and of idiopathic hematuria in the mother in our patient. In a recent analysis of McKusick's On-line Mendelian Inheritance in Man (OMIM) database, NL was found to be a component of more than 30 genetic or putatively genetic disorders, namely familial idiopathic hypercalciuria, (autosomal dominant) Dent's disease (X-linked recessive), adenine phosphoribosyl-transferase deficiency (autosomal dominant), idiopathic calcium oxalate nephrolithiasis (autosomal dominant/ polygenic) and several others, which are either autosomal recessive or X-linked autosomal recessive. 13 The pathogenesis of urolithiasis in these conditions is not well understood. Some of these disorders, especially those inherited via an autosomal recessive or X-linked autosomal recessive pattern, can result in end-stage renal disease. These infants therefore need to be followed carefully. Mutant genes in such conditions can be identified by functional cloning. None of these genetic disorders is reported to present with NL at birth. However, the possibility of one of these disorders could not be ruled out in our case.
In older children, the most common presentation of NL is flank pain, followed by hematuria. In younger patients, NL is more commonly diagnosed incidentally on X-rays. 9 In one report, all premature infants with urolithiasis were asymptomatic, and were diagnosed on radiological studies carried out for unrelated reasons. 4 Our patient presented with transient self-remitting hematuria and a low-grade fever at 1 hour of life, which lasted for less than 2 hours. The possibility of in-utero renal pathologies, for example, infection, abscess, infarct, hemorrhage or necrosis, which subsequently healed with calcification, could not be ruled out in this case. We did not obtain a urine culture before instituting antibiotic therapy, as it is not a traditional component of sepsis work-up during the first 24 hours of life unless there are significant signs or symptoms pertaining to the urinary system or if the infant is extremely sick. 2 Due to limited experience, management of renal stones in newborn infants is not well defined. It has been observed that most stones are less than 5 mm in diameter and pass spontaneously and therefore do not require specific therapy. Surgical intervention is rarely indicated, and is undertaken only if urinary flow obstruction is present or if the stone persists despite conservative therapy. Recently, extracorporeal shock wave lithotripsy was reported to be effective in small infants.
14 In one series, eight premature infants were successfully treated for persistent renal stone by this procedure at the mean age of 13 months and mean body weight of 7700 g. 14 We performed an extensive literature search in October 2003 utilizing the MDConsult search engine and medline database of all referred journals and books, using the keywords neonates, newborn infants, congenital, nephrolithiasis, urolithiasis, genetic disorders, metabolic disorders and hematuria, and did not find any report similar to this case. We present this case as possibly the first report of idiopathic congenital nonobstructive nephrolithiasis in a fullterm newborn infant. We could not entirely rule out the possibility of one of the rare genetically determined entities with an unreported presentation with NL at birth, or an in-utero renal vascular accident with subsequent calcification, although there was
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Idiopathic Congenital Nonobstructive Nephrolithiasis no clinical evidence for such possibilities. NL might be considered as one of the etiopathological possibilities in hematuria occurring during the first few days of life.
